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Abstract: This study aimed to identify the risk factors for non-traumatic rotator cuff tears in Korean
adult patients who underwent surgical treatment, focusing on socioeconomic factors. A retrospective
study was conducted with 659 patients who were diagnosed with a full rotator cuff tear and under-
went surgical treatment. The outcome variable was the rotator cuff tear size (mm), as indicated by
preoperative magnetic resonance imaging. Socioeconomic variables included occupation, education
level, insurance type, and residential area. Univariate analyses were used to evaluate the relation
between tear size and independent variables, and multivariate regression was used to estimate the
effects of socioeconomic factors on tear size after adjusting for other variables. Significant differences
were found in mean tear size according to age, occupation, residence area, and symptom duration
(p < 0.05) in multivariate regression analysis. Rural residents had a 2.12 mm larger tear size than
urban residents. Compared to National Health Insurance patients, the tear size of Medicaid beneficia-
ries was significantly larger (6.79 mm) in urban areas. The larger the rotator cuff tear, the greater the
risk of retear and poor shoulder function. Therefore, policy efforts are required to expand access to
medical care for the vulnerable.

Keywords: musculoskeletal disorders; rotator cuff tear; tear size; risk factors; socioeconomic factors

1. Introduction

Rotator cuff tears are among the most common upper extremity diseases, and the
frequency of surgical treatment has significantly increased in recent years [1–3]. Various
studies on the risk factors for rotator cuff tears have identified age, diabetes, hyperlipidemia,
body mass index (BMI), smoking, and occupational history as factors associated with rotator
cuff tears [4–6].

The size of the rotator cuff tear is important. Many studies have been conducted on the
relationship between retear rates and the size of rotator cuff tear after surgery. In addition,
the risk of pain development is high in patients with full tears and tear enlargements in
those with asymptomatic rotator cuff tears, even with conservative treatment [7]. Moreover,
a significant decrease in shoulder strength is observed as the size of the rotator cuff tear
increased [8]. Therefore, it is important to study the factors affecting rotator cuff size. In
general, surgical treatment shows good results in symptomatic rotator cuff tears. However,
in some patients, revision surgery is performed because of retear, or there are cases where
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the function is not good. In many previous studies, age and tear size are considered the
most influential factors in retears after rotator cuff repair. In a systematic review study, the
average retear rate of patients with small- to medium-sized rotator cuff tears was 12.5%,
compared to an average of 37% in large to massive rotator cuff tear patients [9–11]. A
recent systematic review reported that age, BMI, fatty infiltration, symptom duration, and
tear size are risk factors for retear [11]. Multivariate analysis revealed that age, initial tear
size, and fatty degeneration were the independent risk factors [12]. Moreover, rotator cuff
tear size increase with time [13]. Tsuchiya et al. reported an increase in rotator cuff tears
regardless of symptoms [14]. According to Yamamoto et al., the size of a symptomatic
rotator cuff tear progresses to 47% of the shoulder for an average of 19 months, and the
rate of progression is 3.8 mm/year in length and 2.0 mm/year in width [15]. They further
identified medium-sized full tears and smoking as the risk factors for tear progression.

Many studies have linked musculoskeletal diseases to socioeconomic factors [16–18].
Shoulder lesions tend to be reported by workers in physically demanding jobs. Shoulder
lesions are also associated with heavy lifting, awkward posture, and vibration [19–21].
Monrad et al. found a 1.4-fold higher mean incidence rate in rural areas, where there was
a greater occurrence of manual labor than in urban areas [22]. Hagen et al. reported that
the risk of chronic musculoskeletal complaints was 1.8-fold higher in the group with a
low-income level than in the group with a higher-income level [23]. Moreover, Hong and
Kim’s study in Korea revealed that Medicaid beneficiaries had a 1.56 times higher arthritis
prevalence than National Health Insurance (NHI) beneficiaries [24].

Although some studies have been conducted on the association between rotator cuff
size and work relevance, there are few studies on other socioeconomic factors [2,11,25],
particularly regarding residence area and medical insurance type. Thus, our study aimed to
identify the factors that influence the size of non-traumatic full-thickness rotator cuff tears
in patients who had undergone surgical treatment, and determine whether socioeconomic
factors are related to tear size.

2. Materials and Methods
2.1. Study Population

We conducted a retrospective study of 876 Korean adult patients diagnosed with non-
traumatic rotator cuff tears (International Statistical Classification of Diseases and Related
Health Problems 10th Revision code: M75.1) and underwent surgical treatment between
March 2010 and March 2020. In patients with symptomatic rotator cuff rupture, surgical
treatment was performed for those who did not improve after conservative treatment
such as drug treatment, subacromial steroid injection, and physical therapy for at least
3–6 months. A traumatic tear was considered a traumatic event when there was a definite
trauma history to the shoulder joint and magnetic resonance imaging (MRI) revealed a
signal change suggesting trauma, such as a bone bruise, hemarthrosis, and edema in the
rotator cuff tendon or muscle [26]. Debridement, synovectomy, and bursectomy were
performed for less than 50% of rotator partial tears during surgery, and acromioplasty was
performed for bursal-side tears with acromial spur and coracoacromial ligament fraying.
For more than 50% of partial rotator tears, rotator cuff repair was performed after complete
full-tear conversion [27].

Inclusion criteria of this study were patients with non-traumatic full thickness rotator
cuff tears who underwent rotator cuff repair. It was decided to exclude cases where it was
difficult to accurately measure the size of a rotator cuff tear, so the exclusion criteria are
as follows: (1) patients who had undergone acromioplasty for partial rotator cuff tears
(37 patients); (2) patients undergone rotator cuff repair for rotator cuff tears (167 patients);
(3) patients undergone only subscapular repair (13 patients). Therefore, data from
659 patients who underwent arthroscopic repair for non-traumatic full thickness rota-
tor cuff tears were used (Figure 1).
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Figure 1. Diagram of the participants.

2.2. Variables

Preoperative MRI was performed in all patients, and surgery was determined. The
outcome variable was the tear size of the rotator cuff, as confirmed by preoperative MRI. The
tear size, reported in 1 mm units, was measured by a shoulder orthopedic radiologist with
more than 10 years of experience. Shoulder MRI was performed using 1.5-T (MAGNETOM
Avanto, Siemens Healthinneers) and 3-T (MAGNETOM Verio, Skyra, and VIDA, Siemens
Healthinneers) MRI systems that included axial, oblique coronal, and oblique sagittal T1-
weighted and fat-suppressed T2-weighted fast spin-echo sequences (FSE). The supraspinatus,
infraspinatus, and subscapularis tendons were evaluated separately. Cuff tear was defined as
any discontinuity of the tendon fibers or an intratendinous fluid-equivalent signal intensity
lesion. To measure the tear size of the supraspinatus or infraspinatus tendon complex, the
mediolateral dimension on coronal oblique fat-suppressed T2-weighted FSE and anteroposte-
rior dimension on sagittal oblique fat-suppressed T2-weighted FSE were referred to. The tear
size was determined as the greater of the two values [28].

Variables affecting non-traumatic rotator cuff tears size were selected by reviewing
the literature [17,18,20]. For the biological- and comorbidity-related independent variables,
sex, age (30–49, 50–69, and ≥70 years), obesity (BMI ≥ 25 kg/m2), diabetes (fasting blood
sugar level ≥ 126 mg/dL or diabetes medication), and duration (years) of symptoms, such
as shoulder pain or mobility restriction, were adopted. Socioeconomic variables included
occupation (non-manual and manual labor), education level (≤middle school and ≥high
school), insurance type (NHI and Medicaid), and area of residence (urban and rural).

Occupations were classified based on the current job if currently employed, and the
longest job held if retired. Housewives were included in the non-manual labor group.
Most Koreans are enrolled in the NHI, and the insurance fund is operated by the Korean
government. People belonging to the NHI pay only a part of the hospitalization and
surgery costs. Meanwhile, people with a low socioeconomic status are enrolled in the
Medicaid system. Medicaid beneficiaries accounted for 2.9% of the total Korean population
in 2019 [29]. As such, insurance type is an indicator of socioeconomic level in Korea, along
with basic livelihood welfare benefits, and is often used as a factor variable in studies on
health inequality [18,30,31]. Regarding the area of residence, dong addresses were classified
as urban and eup and myeon addresses as rural. This categorization has previously been
used in research on the health disparity between urban and rural areas and the impact of
these areas on health [32,33].

2.3. Statistical Analyses

The mean and standard deviation of tear size were calculated according to the category
of each factor. Univariate analysis was used to evaluate the relation between non-traumatic
rotator cuff tear size and independent variables. A two-sided Student’s t-test was performed
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to evaluate differences in the mean rotator cuff tear size according to sex, education level,
area of residence, insurance type, obesity, occupation, and diabetes. Analysis of variance
was used to determine the influence of age group. Univariate regression analysis was
conducted to evaluate the effect of symptom duration on tear size.

The effects of the independent factors on tear size were then estimated after adjusting for
the influence of other confounding variables using multivariate regression analysis. Variables
to be included in the multivariate regression model were selected based on the results of
previous studies and univariate analyses. The effect size of each variable was determined
through the coefficient and p-value. Multivariate regression analyses stratified into rural and
urban areas were performed to determine the association between these factors and rotator
cuff tear size. Statistical significance was set at p < 0.05. All statistical analyses were performed
using STATA MP 17.0 (Stata Corporation, College Station, TX, USA).

2.4. Ethical Considerations

This study was approved by the Institutional Review Board of Pusan National Univer-
sity Yangsan Hospital (IRB No. 05-2021-185).

3. Results

Table 1 presents the general characteristics of the participants. The mean age of the
patients was 63.0 ± 8.0 years, mean symptom duration was 1.7 ± 1.8 years, and mean tear
size was 25.4 ± 13.1 mm.

Table 1. General characteristics of the participants.

N %

Total 659 100.0

Sex
Female 290 44.0

Male 369 56.0

Age 1 (years) 63.0 ± 8.0 (36–87, 63, 12)

Age group (years)

30–49 21 3.2

50–69 491 74.5

≥70 147 22.3

Occupation
Non-manual 410 62.2

Manual 249 37.8

Education
≤Middle school 352 53.4

≥High school 307 46.6

Area of residence
Urban 437 66.3

Rural 222 33.7

Insurance type
National Health Insurance (NHI) 630 95.6

Medicaid 29 4.4

Obesity (BMI ≥ 25 kg/m2)
No 348 52.8

Yes 311 47.2

Diabetes
No 555 84.2

Yes 104 15.8

Symptom duration 1 (year) 1.7 ± 1.8 (1–10, 1, 1)

Tear size 1 (mm) 25.4 ± 13.1 (5–64, 22, 21)
1 Mean ± standard deviation (minimum value–maximum value, median, interquartile range).
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Table 2 shows the mean and standard deviation of tear size by rotator cuff injury,
according to these factors. A significant difference was observed in the mean tear size
according to age, occupation, educational level, area of residence, insurance type, and
symptom duration (p < 0.05). The mean tear size by age group was largest at 70 years and
over (28.0 mm) and smallest in those aged 30–49 years (14.8 mm), and the difference was
statistically significant (p < 0.001). Patients engaged in manual labor had a larger mean
tear size than those engaged in non-manual labor (p < 0.001). The mean tear size was also
greater in groups with lower educational levels (≤middle school), residents of rural areas,
or among Medicaid beneficiaries. Moreover, as the symptom duration increased by one
year, the tear size significantly increased by 0.96 mm (p = 0.001).

Table 2. Comparison of the non-traumatic full thickness rotator cuff tear sizes (mm) using
univariate analysis 1 .

Mean Median SD 2 IQR 2 p-Value

Sex
Female 25.5 22.8 13.2 21.0

0.864
Male 25.3 21.0 13.1 21.0

Age group (years)

30–49 14.8 13.0 7.5 8.0
<0.00150–69 25.1 21.0 13.3 20.0

≥70 28.0 29.0 12.5 24.0

Occupation
Non-manual 24.0 20.0 12.8 20.0

<0.001
Manual 27.7 26.0 13.4 23.0

Education
≤Middle school 27.1 25.0 13.1 23.0

<0.001
≥High school 23.5 20.0 12.9 19.0

Area of residence
Urban 24.7 21.0 12.6 20.0

0.042
Rural 26.9 24.0 14.1 25.0

Insurance type
NHI 25.1 21.0 13.1 21.0

0.007
Medicaid 31.8 36.0 13.0 20.0

Obesity
No 25.2 22.0 13.0 22.0

0.649
Yes 25.6 22.0 13.3 21.0

Diabetes
No 25.4 21.0 13.4 22.0

0.910
Yes 25.5 25.0 12.0 19.5

Symptom duration 3 1.96 (0.39–1.53) 0.001
1 Student’s t-test for sex, education, area of residence, insurance type, obesity, occupation, and diabetes; analysis
of variance for age group; univariate regression analysis for symptom duration. 2 SD: standard deviation;
IQR: interquartile range. 3 Coefficient (β), 95% confidence interval of coefficient and p-value using univariate
regression analysis.

Table 3 indicates the results of the multivariate regression analysis of the influence
of these factors on tear size due to rotator cuff injury in all patients. Age, occupation,
residence area, and symptom duration significantly affected tear size. Patients in the older
age groups had significantly larger tear sizes than those aged 30–49 years. The group
engaged in manual labor had a tear size larger by 2.73 mm (95% confidence interval [CI]:
0.89–4.90, p = 0.013) than non-manual laborers after controlling for the impact of other
variables. Similarly, rural residents showed larger tear sizes (2.12 mm, 95% CI: 0.03–4.22,
p = 0.047) than urban residents, with the influence of other factors controlled. Moreover, as
the symptom duration increased by one year, the tear size significantly increased (0.74 mm,
95% CI: 0.17–1.32, p = 0.012).
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Table 3. Results of multivariate regression analysis on the influence of factors on the size of the
non-traumatic full thickness rotator cuff tears.

Coefficient (95% CI) 1 p-Value

Sex
Female Reference

Male −0.25 (−2.39–1.88) 0.815

Age group (years)

30–49 Reference

50–69 8.38 (2.65–14.11) 0.004

≥70 9.95 (3.78–16.13) 0.002

Occupation
Non-manual Reference

Manual 2.73 (0.89–4.90) 0.013

Education
≥High school Reference

≤Middle school 2.00 (−0.16–4.16) 0.070

Area of residence
Urban Reference

Rural 2.12 (0.03–4.22) 0.047

Insurance type
NHI Reference

Medicaid 4.42 (−0.55–9.4) 0.081

Obesity
No Reference

Yes 1.04 (−0.94–3.01) 0.302

Diabetes
No Reference

Yes −1.29 (−4.03–1.44) 0.354

Symptom duration 0.74 (0.16–1.31) 0.012
1 Coefficient (95% CI): coefficient of variable and 95% confidence interval.

Table 4 presents the influence of the factors on non-traumatic rotator cuff tear size by
residence area. In rural areas, the factors that showed a significant impact on the tear size of
the rotator cuff were age group and symptom duration. The tear size in the oldest age group
was significantly larger than that in the youngest group. Tear size significantly increased as
the symptom duration increased by one year (1.75 mm, 95% CI: 0.14–3.37, p = 0.034), with
the influence of other factors adjusted. In urban areas, factors with a significant impact on
rotator cuff tear size were age group, occupation, and insurance type. The two older age
groups reported larger tear sizes than the younger age group. Moreover, the manual labor
group had a larger tear size (2.95 mm, 95% CI: 0.40–5.49, p = 0.023) than the non-manual
group. Compared with the group covered by NHI, Medicaid beneficiaries had significantly
larger tear sizes (6.79 mm, 95% CI: 1.33–12.25, p = 0.015).
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Table 4. Influence of factors on the size of the rotator cuff tear according to urban and rural residence.

Rural Urban

Coefficient (95% CI) 1 p-Value Coefficient (95% CI) 1 p-Value

Sex
Female Reference Reference

Male −0.97 (−5.09–3.15) 0.644 −0.01 (−2.52–2.49) 0.991

Age group (years)

30–49 Reference Reference

50–69 9.87 (−1.03–
20.77) 0.076 7.65 (0.92–14.39) 0.026

≥70 11.59 (0.02–23.19) 0.047 9.09 (1.77–16.4) 0.015

Occupation
Non-manual Reference Reference

Manual 2.25 (−1.88–6.39) 0.284 2.95 (0.40–5.49) 0.023

Education
≥High school Reference Reference

≤Middle school 2.44 (−1.68–6.55) 0.245 1.71 (−0.84–4.26) 0.188

Insurance type
NHI Reference Reference

Medicaid −2.95 (−14.46–
8.57) 0.615 6.79 (1.33–12.25) 0.015

Obesity
No Reference Reference

Yes 0.93 (−2.81–4.67) 0.624 1.02 (−1.3–3.35) 0.387

Diabetes
No Reference Reference

Yes −1.53 (−6.98–3.92) 0.582 −1.01 (−4.21–2.19) 0.535

Symptom duration 1.75 (0.14–3.37) 0.034 0.52 (−0.09–1.12) 0.094
1 Coefficient (95% CI): coefficient of variable and 95% confidence interval.

4. Discussion

In this study, the patients who underwent surgical treatment for full-thickness non-
traumatic rotator cuff tears had a mean age of 63.0 ± 8.0 years, mean tear size of 25.4 ± 13.1 mm,
and mean symptom duration of 1.7 ± 1.8 years. Univariate analysis identified risk factors
related to tear size, such as age, occupation, education level, residential area, insurance type,
and symptom duration. In the multivariate regression analysis, older age, manual labor, and
rural residence were associated with a larger tear size after controlling for the influence of other
factors. Symptom duration was also a risk factor for larger tear size.

Rotator cuff tear is one of the most common diseases in orthopedics and accounts for
the largest proportion of shoulder diseases. In addition, rotator cuff tear is functionally
degraded and is considered a progressive disease [8]. Therefore, several studies have been
conducted on this topic. In particular, there are many studies related to re-rupture and
functional deterioration after the surgical treatment of rotator cuff tears. However, few
studies have focused on the factors affecting the size of the rotator cuff tear before rotator
cuff surgery, and in particular, no studies have paid attention to the socioeconomic level
to the best of the authors’ knowledge. The size of the rotator cuff tear causes functional
problems as well as surgical outcomes and affects the course of the disease. This study
could be the first to investigate the factors related to the size of the preoperative rotator
cuff tear, including the socioeconomic level, in patients who underwent surgical treatment
in a hospital.

Many studies have mentioned that the size of the rotator cuff tear in elderly patients
is a risk factor for retear. A retear rate of 10–48% has been reported in a systemic review
study [7]. In another study, the average retear rate in patients with small-to-medium
rotator cuff tears was 12.5%, compared to 37% in patients with large rotator cuff tears [9,10].
Therefore, larger rotator cuff tears are a major concern for orthopedic surgeons. As the
size of a rotator cuff tear has a significant effect on the outcome of surgical treatment,
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early detection is considered important, and surgical treatment should be performed at an
appropriate time. Moreover, rotator cuff tears increase in size over time. Therefore, scholars
have investigated the degree of rotator cuff tear progression. Yamamoto et al. reported
that the tear size of symptomatic rotator cuff tears progresses in 47% of the shoulder at a
rate of 3.8 mm/year in length and 2.0 mm/year in width [15]. Maman et al. found that, in
full-thickness rotator cuff tear cases, 52% of patients showed an increase in tear size of 2 mm
or more [34]. They also found that the longer the follow-up period and greater the age, the
greater the tear size. In one prospective study, the size of a full-thickness rotator tear tended
to increase significantly, with 18% of full-thickness tears showing an increase of >5 mm
and 40% of partial-thickness tears progressing to the full-thickness type. The limitations
of these studies include a small number of patients and relatively short follow-up period
(e.g., X months). In this study, it was found that as the duration of symptoms increased
by one year, the tears increased by 0.74 mm, after controlling for the influence of other
factors. Although the size increase in individual patients could not be directly studied, the
results indirectly reflected the effect of X months on the follow-up period in a relatively
large number of patients.

This work fills a gap in the research on socioeconomic risk factors for rotator cuff
tears, which remains limited. Park et al. reported a high prevalence of rotator cuff tears in
manual workers [35]. In 2004–2006, the results of a multivariate analysis in a cohort study
of 393 asymptomatic full-thickness rotator cuff tear patients indicated that pain increased
with increasing comorbidities, lower education levels, and non-white race [30]. Another
study found that older, higher comorbidity, female, non-white, and dual-eligible Medicaid
patients underwent significantly fewer surgeries. If surgical treatment is delayed in these
patients, the outcome of the surgical treatment may be poor owing to the increase in tear size.
In this study, univariate analysis showed an increase in tear size according to manual labor
employment, educational level, residence area, and insurance type. The multivariate analysis
clarified that tear size was greater in older patients, in manual laborers, and in patients in rural
areas. In a comparison between urban and rural residents, tear size increased in both areas
as age increased. In particular, tear size was related to symptom duration in rural residents,
Medicaid beneficiaries, and manual labor employment in urban residents.

Residents in rural areas reportedly experience more musculoskeletal disorders owing
to an aging population and limited access to healthcare [18,32]. Indeed, our study showed
that the size of non-traumatic rotator cuff tears was also larger in rural residents, and
was found to be statistically significant even after adjusting for other factors such as
age. Gupta identified a high prevalence of lower back, knee, and shoulder pain among
musculoskeletal disorders in farmers, that may be attributed to poor posture and lack
of ergonomic awareness [36]. Based on the results of previous research and our study,
rural residents would benefit from the early detection of rotator cuff tears, whereas for
urban residents, priority should be given to the formulation of policies for improving
access to medical care among persons with low socioeconomic status or manual labor
employment. In Korea, a national health screening program is being implemented. The
screening includes height, weight, blood pressure, glucose level, basic blood and urine
tests, and chest radiography, but does not include musculoskeletal ultrasonography [37].
Han’s study on the rate of national screening revealed that urban residents were 1.42 times
more likely to receive health screenings than rural residents [38]. Based on previous studies
and the results of this study, it is necessary to include items (e.g., ultrasonography) for
early detection of musculoskeletal disorders such as rotator cuff tears in the national
health examination program. In addition, if resources are limited, a policy of providing
vouchers for examinations for the elderly, rural area residents, and manual laborers should
be considered.

This study had several limitations. First, a cross-sectional study of patients who
underwent surgical treatment was conducted. Therefore, the prevalence and progression
of the cuff tears could not be determined. Second, tear size could not completely replace
severity as an indicator of rotator cuff tears. Future studies should consider other factors
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such as arthritis, biceps injury, muscle atrophy, and labral tears. Third, patients who did
not undergo surgical treatment were not included for comparison with the current sample
results. A comparative analysis could shed light on the influence of surgical treatment on
study factors. Fourth, although symptom duration is related to tear size, it is impossible to
know when the tear actually started because symptom duration is subjective. However,
because patients who underwent surgery at this hospital for 10 years were included, the
results are reliable. Finally, the level of physical activity is an important factor influencing
musculoskeletal diseases. The variables for physical activity level in daily life could not be
used because of the limitations of the data source.

5. Conclusions

The age and duration of symptoms significantly affected the size of rotator cuff
tears, as did socioeconomic factors such as insurance type, residence area, and type of
occupation. The larger the rotator cuff tear, the greater the risk of retear and poor shoulder
function. Therefore, socioeconomically vulnerable patients may have a higher severity of
non-traumatic rotator cuff tears and a greater risk of postoperative complications. Policy
efforts are required to expand access to medical care for vulnerable people.

Author Contributions: Conceptualization, S.-W.K., M.-H.C., J.-H.Y. and M.-H.M.; data curation,
M.-H.C.; formal analysis, M.-H.M.; investigation, S.-W.K., M.-H.C., T.-W.K., C.-K.P. and M.-H.M.;
methodology, S.-W.K., M.-H.C. and S.-H.W.; supervision, S.-W.K. and M.-H.C.; visualization, M.-H.M.
and M.-H.C.; writing—original draft, S.-W.K. and M.-H.C.; writing—review and editing, T.-W.K. and
M.-H.C. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by a 2021 research grant from the Pusan National University
Yangsan Hospital. The funders were not involved in the study design, analysis, interpretation of data,
writing, or submission of this manuscript.

Institutional Review Board Statement: The study was conducted in accordance with the Declaration
of Helsinki, and approved by the Institutional Review Board of the Pusan National University Yangsan
Hospital (IRB No. 05-2021-185).

Informed Consent Statement: Not applicable.

Acknowledgments: This research was supported by a 2021 research grant from the Pusan National
University Yangsan Hospital.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Colvin, A.C.; Egorova, N.; Harrison, A.K.; Moskowitz, A.; Flatow, E.L. National trends in rotator cuff repair. J. Bone Jt. Surg. Am.

2012, 94, 227–233. [CrossRef] [PubMed]
2. Ensor, K.L.; Kwon, Y.W.; Dibeneditto, M.R.; Zuckerman, J.D.; Rokito, A.S. The rising incidence of rotator cuff repairs. J. Shoulder

Elb. Surg. 2013, 22, 1628–1632. [CrossRef] [PubMed]
3. Reddy, A.K.; Shepard, S.; Ottwell, R.; Thompson, J.; Price, C.M.; Arthur, W.; Hanson, C.; Ebert, A.; Wright, D.N.; Hartwell, M.; et al.

Over 30% of systematic reviews and meta-analyses focused on rotator cuff tear treatments contained spin in the abstract.
Arthroscopy 2021, 37, 2953–2959. [CrossRef] [PubMed]

4. Melchior, M.; Roquelaure, Y.; Evanoff, B.; Chastang, J.F.; Ha, C.; Imbernon, E.; Goldberg, M.; Leclerc, A.; Pays de la Loire Study
Group. Why are manual workers at high risk of upper limb disorders? The role of physical work factors in a random sample of
workers in France (the Pays de la Loire study). Occup. Environ. Med. 2006, 63, 754–761. [CrossRef] [PubMed]

5. Sayampanathan, A.A.; Andrew, T.H.C. Systemic review on risk factors of rotator cuff tears. J. Orthop. Surg. 2017, 25, 2309499016684318.
[CrossRef]

6. Bishop, J.Y.; Santiago-Torres, J.E.; Rimmke, N.; Flanigan, D.C. Smoking predisposes to rotator cuff pathology and shoulder
dysfunction: A systematic review. Arthroscopy 2015, 31, 1598–1605. [CrossRef]

7. Keener, J.D.; Galatz, L.M.; Teefey, S.A.; Middleton, W.D.; Steger-May, K.; Stobbs-Cucchi, G.; Patton, R.; Yamaguchi, K.
A prospective evaluation of survivorship of asymptomatic degenerative rotator cuff tears. J. Bone Jt. Surg. 2015, 97, 89.
[CrossRef]

8. Kim, H.M.; Teefey, S.A.; Zelig, A.; Galatz, L.M.; Keener, J.D.; Yamaguchi, K. Shoulder strength in asymptomatic individuals with
intact compared with torn rotator cuffs. J. Bone Jt. Surg. 2009, 91, 289. [CrossRef]

http://doi.org/10.2106/JBJS.J.00739
http://www.ncbi.nlm.nih.gov/pubmed/22298054
http://doi.org/10.1016/j.jse.2013.01.006
http://www.ncbi.nlm.nih.gov/pubmed/23466172
http://doi.org/10.1016/j.arthro.2021.03.066
http://www.ncbi.nlm.nih.gov/pubmed/33887409
http://doi.org/10.1136/oem.2005.025122
http://www.ncbi.nlm.nih.gov/pubmed/16787978
http://doi.org/10.1177/2309499016684318
http://doi.org/10.1016/j.arthro.2015.01.026
http://doi.org/10.2106/JBJS.N.00099
http://doi.org/10.2106/JBJS.H.00219


Int. J. Environ. Res. Public Health 2022, 19, 6137 10 of 11

9. Le, B.T.; Wu, X.L.; Lam, P.H.; Murrell, G.A. Factors predicting rotator cuff retears: An analysis of 1000 consecutive rotator cuff
repairs. Am. J. Sports Med. 2014, 42, 1134–1142. [CrossRef]

10. Longo, U.G.; Carnevale, A.; Piergentili, I.; Berton, A.; Candela, V.; Schena, E.; Denaro, V. Retear rates after rotator cuff surgery:
A systematic review and meta-analysis. BMC Musculoskelet. Disord. 2021, 22, 44575. [CrossRef]

11. Zhao, J.; Luo, M.; Pan, J.; Liang, G.; Feng, W.; Zeng, L.; Yang, W.; Liu, J. Risk factors affecting rotator cuff retear after arthroscopic
repair: A meta-analysis and systematic review. J. Shoulder Elb. Surg. 2021, 30, 2660–2670. [CrossRef] [PubMed]

12. Lee, Y.S.; Jeong, J.Y.; Park, C.D.; Kang, S.G.; Yoo, J.C. Evaluation of the risk factors for a rotator cuff retear after repair surgery. Am.
J. Sports Med. 2017, 45, 1755–1761. [CrossRef] [PubMed]

13. Oh, J.H.; Lee, Y.H.; Lee, T.H.; Jang, S.I.; Kwon, J. The natural history of high-grade partial thickness rotator cuff tears: The
conversion rate to full thickness tears and affecting factors. Clin. Orthop. Surg. 2020, 12, 514–520. [CrossRef] [PubMed]

14. Tsuchiya, S.; Davison, E.M.; Rashid, M.S.; Bois, A.J.; LeBlanc, J.; More, K.D.; Lo, I.K.Y. Determining the rate of full-thickness
progression in partial-thickness rotator cuff tears: A systematic review. J. Shoulder Elb. Surg. 2021, 30, 449–455. [CrossRef]
[PubMed]

15. Yamamoto, N.; Mineta, M.; Kawakami, J.; Sano, H.; Itoi, E. Risk factors for tear progression in symptomatic rotator cuff tears: A
prospective study of 174 shoulders. Am. J. Sports Med. 2017, 45, 2524–2531. [CrossRef]

16. Navarro, M.C.; Sosa, M.; Saavedra, P.; Lainez, P.; Marrero, M.; Torres, M.; Medina, C.D. Poverty is a risk factor for osteoporotic
fractures. Osteoporos. Int. 2009, 20, 393–398. [CrossRef]

17. Putrik, P.; Ramiro, S.; Chorus, A.M.; Keszei, A.P.; Boonen, A. Socioeconomic inequities in perceived health among patients with
musculoskeletal disorders compared with other chronic disorders: Results from a cross-sectional Dutch study. RMD Open 2015,
1, e000045. [CrossRef]

18. Choi, M.H.; Yang, J.H.; Seo, J.S.; Kim, Y.J.; Kang, S.W. Prevalence and diagnosis experience of osteoporosis in postmenopausal
women over 50: Focusing on socioeconomic factors. PLoS ONE 2021, 16, e0248020. [CrossRef]

19. Bongers, P.M. The cost of shoulder pain at work: Variation in work tasks and good job opportunities are essential for prevention.
Br. Med. J. 2001, 322, 64–65. [CrossRef]

20. Miranda, H.; Punnett, L.; Viikari-Juntura, E.; Heliövaara, M.; Knekt, P. Physical work and chronic shoulder disorder: Results of a
prospective population-based study. Ann. Rheum. Dis. 2008, 67, 218–223. [CrossRef]

21. Shanahan, E.M.; Sladek, R. Shoulder pain at the workplace. Best Pr. Res. Clin. Rheumatol. 2011, 25, 59–68. [CrossRef] [PubMed]
22. Monrad, N.; Ganestam, A.; Kallemose, T.; Barfod, K.W. Alarming increase in the registration of degenerative rotator cuff-related

lesions a nationwide epidemiological study investigating 24,519 patients. Knee Surg. Sports Traumatol. Arthrosc. 2018, 26, 188–194.
[CrossRef] [PubMed]

23. Hagen, K.; Zwart, J.A.; Svebak, S.; Bovim, G.; Stovner, L.J. Low socioeconomic status is associated with chronic musculoskeletal
complaints among 46,901 adults in Norway. Scand. J. Public Health 2005, 33, 268–275. [CrossRef] [PubMed]

24. Hong, J.Y.; Kim, G.J. Difference in health-related quality of life between medical aid beneficiaries and health insurance beneficiaries
using the community health survey. J. Korea Contents Assoc. 2016, 16, 477–487. [CrossRef]

25. Rolf, O.; Ochs, K.; Böhm, T.D.; Baumann, B.; Kirschner, S.; Gohlke, F. Rotator cuff tear–an occupational disease? An epidemiologi-
cal analysis. Z. Orthop. Ihre Grenzgeb. 2006, 144, 519–523. [CrossRef]

26. Loew, M.; Magosch, P.; Lichtenberg, S.; Habermeyer, P.; Porschke, F. How to discriminate between acute traumatic and chronic
degenerative rotator cuff lesions: An analysis of specific criteria on radiography and magnetic resonance imaging. J. Shoulder Elb.
Surg. 2015, 24, 1685–1693. [CrossRef]

27. Franceschi, F.; Papalia, R.; Del Buono, A.; Maffulli, N.; Denaro, V. Repair of partial tears of the rotator cuff. Sports Med. Arthrosc.
Rev. 2011, 19, 401–408. [CrossRef]

28. Morag, Y.; Jacobson, J.A.; Miller, B.; De Maeseneer, M.; Girish, G.; Jamadar, D. MR imaging of rotator cuff injury: What the
clinician needs to know. Radiographics 2006, 26, 1045–1065. [CrossRef]

29. Kim, S.M.; Kim, Y.I. Medical Aid Statistics. Ganwon-do, Korea; Health Insurance Review & Assessment Service National Health
Insurance Service. Available online: http://www.hira.or.kr/ (accessed on 12 August 2021).

30. Chapman, C.G.; Floyd, S.B.; Thigpen, C.A.; Tokish, J.M.; Chen, B.; Brooks, J.M. Treatment for rotator cuff tear is influenced by
demographics and characteristics of the area where patients live. JBJS Open Access 2018, 3, e0005. [CrossRef]

31. Choi, M.H. The impact of basic livelihoods condition on the current smoking: Applying the counterfactual model. Korean J. Health
Educ. Promot. 2019, 36, 53–67. [CrossRef]

32. Jang, I.Y.; Jung, H.W.; Lee, C.K.; Lee, Y.S.; Kim, K.I.; Kim, K.W.; Oh, H.J.; Ji, M.Y.; Lee, E.J.; Kom, D.H. Rural and urban disparities
in frailty and aging-related health conditions in Korea. J. Am. Geriatr. Soc. 2016, 64, 908–911. [CrossRef] [PubMed]

33. Lee, Y.H. Socioeconomic differences among community-dwelling diabetic adults screened for diabetic retinopathy and nephropa-
thy: The 2015 Korean Community Health Survey. PLoS ONE 2018, 13, e0191496. [CrossRef] [PubMed]

34. Maman, E.; Harris, C.; White, L.; Tomlinson, G.; Shashank, M.; Boynton, E. Outcome of nonoperative treatment of symptomatic
rotator cuff tears monitored by magnetic resonance imaging. J. Bone Jt. Surg. Am. 2009, 91, 1898–1906. [CrossRef] [PubMed]

35. Park, H.B.; Gwark, J.Y.; Im, J.H.; Jung, J.; Na, J.B.; Yoon, C.H. Factors associated with atraumatic posterosuperior rotator cuff tears.
J. Bone Jt. Surg. Am. 2018, 100, 1397–1405. [CrossRef] [PubMed]

36. Gupta, G.; Tarique. Prevalence of musculoskeletal disorders in farmers of Kanpur-Rural, India. J. Community Med. Health Educ.
2013, 3, 249–253. [CrossRef]

http://doi.org/10.1177/0363546514525336
http://doi.org/10.1186/s12891-021-04634-6
http://doi.org/10.1016/j.jse.2021.05.010
http://www.ncbi.nlm.nih.gov/pubmed/34089878
http://doi.org/10.1177/0363546517695234
http://www.ncbi.nlm.nih.gov/pubmed/28319431
http://doi.org/10.4055/cios19167
http://www.ncbi.nlm.nih.gov/pubmed/33274029
http://doi.org/10.1016/j.jse.2020.08.022
http://www.ncbi.nlm.nih.gov/pubmed/32920110
http://doi.org/10.1177/0363546517709780
http://doi.org/10.1007/s00198-008-0697-9
http://doi.org/10.1136/rmdopen-2014-000045
http://doi.org/10.1371/journal.pone.0248020
http://doi.org/10.1136/bmj.322.7278.64
http://doi.org/10.1136/ard.2007.069419
http://doi.org/10.1016/j.berh.2011.01.008
http://www.ncbi.nlm.nih.gov/pubmed/21663850
http://doi.org/10.1007/s00167-017-4626-3
http://www.ncbi.nlm.nih.gov/pubmed/28647843
http://doi.org/10.1080/14034940510005699
http://www.ncbi.nlm.nih.gov/pubmed/16087489
http://doi.org/10.5392/JKCA.2016.16.05.477
http://doi.org/10.1055/s-2006-942240
http://doi.org/10.1016/j.jse.2015.06.005
http://doi.org/10.1097/JSA.0b013e3182393fa1
http://doi.org/10.1148/rg.264055087
http://www.hira.or.kr/
http://doi.org/10.2106/JBJS.OA.18.00005
http://doi.org/10.14367/kjhep.2019.36.1.53
http://doi.org/10.1111/jgs.14074
http://www.ncbi.nlm.nih.gov/pubmed/27100601
http://doi.org/10.1371/journal.pone.0191496
http://www.ncbi.nlm.nih.gov/pubmed/29364972
http://doi.org/10.2106/JBJS.G.01335
http://www.ncbi.nlm.nih.gov/pubmed/19651947
http://doi.org/10.2106/JBJS.16.01592
http://www.ncbi.nlm.nih.gov/pubmed/30106821
http://doi.org/10.4172/2161-0711.1000249


Int. J. Environ. Res. Public Health 2022, 19, 6137 11 of 11

37. Cho, B.L.; Ahn, E.M. Present status and problems of health screening program in Korea. Inst. Health Soc. Aff. 2013, 48–54.
[CrossRef]

38. Han, S.H.; Jo, E.H.; Son, J.A.; So, E.S. Factors association national health screening program participation according to sex in
Korean: Using the fifth Korea national health and nutrition examination survey (KNHANES VI, 2013). Korean J. Health Educ.
Promot. 2016, 33, 37–48. [CrossRef]

http://doi.org/10.23062/2013.04.6
http://doi.org/10.14367/kjhep.2016.33.3.37

	Introduction 
	Materials and Methods 
	Study Population 
	Variables 
	Statistical Analyses 
	Ethical Considerations 

	Results 
	Discussion 
	Conclusions 
	References

